Flotation applied to basic ores by Neal, Orion Dexter
Scholars' Mine 
Bachelors Theses Student Theses and Dissertations 
1914 
Flotation applied to basic ores 
Orion Dexter Neal 
Follow this and additional works at: https://scholarsmine.mst.edu/bachelors_theses 
 Part of the Physical Sciences and Mathematics Commons 
Department: 
Recommended Citation 
Neal, Orion Dexter, "Flotation applied to basic ores" (1914). Bachelors Theses. 158. 
https://scholarsmine.mst.edu/bachelors_theses/158 
This Thesis - Open Access is brought to you for free and open access by Scholars' Mine. It has been accepted for 
inclusion in Bachelors Theses by an authorized administrator of Scholars' Mine. This work is protected by U. S. 
Copyright Law. Unauthorized use including reproduction for redistribution requires the permission of the copyright 
holder. For more information, please contact scholarsmine@mst.edu. 
FLOTATION APPLI~D TO BASIC ORES. 
-BY-
ORION DEXTER NEAL. 
A 
TRESIS 
Bubmitted to the faculty of the 
SCHOOL OF MINES AND METALLURGY OF THE UNlVE~SI.TY OF MISSOURI 
.. : ::.. .. .... .. 
in partial fulfillment of the work r"equired" f6~··th9 
~ ...... "'.. .. 
DeD"7'ee 0 f. '~'>. :', ;.' -.... , .':' : ::.: 
o· t. .. ...... 
.BACHELOR OF SCIENC~ IN G~.N~R~~·.~IEN.cE·" .. ·,~·:· .. r.:: . .-::-




Professor of Metallurgy. 
17330 
TABLE OF CENTENTS. 
Pages 
Applioation of Flotation ---------------- I 
prinoiples o~ Flotation ----------------- /-~ 
Preliminary tests ----------------------- Jr-~ 
Teete ------- -----------------------.----- .f- -// 
Conalueion -------------- --------- ------ //-/iZ 
FLOTATION APPLIED TO BASIC ORES. 
Conoentration, by flotation, as uaed in to-day is 
limited to the ores oon,aining an acid gangue. Although, 
it is probab~e, that in a few instances flotation sohemes 
are being used on certain ores containing basic gangue, the 
prooesses are oarefully guarded as trade secrets. 
It was with ores containIng basio gangue that the 
experiments embodied in this thesis were made, in an effort 
to determine Bome means of oonoentration and also to deter-
mine the best oonditions for Bome of the varying factors. 
Before oonsidering the eXI)eriments and results it 
might be best to note Borne of the phenoma and factors 
generally known and taken advantage of in flotation schemes • 
•• The film of gaa_ that is attraoted to the surfaoe 
of Bolid particles adhere strongly in some instances, and 
are displaoed therefrom by a liquid, with oonsiderable 
diffioulty_ This quality of adhesion. varies remarkab17 
with different substances. 
With some substances tho gas adhesion is strong and 
the liquid adhesion is weak; in other words they are wetted 
with diffioulty. 
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In this class is the metallic sulphides, which, altho 
they have a natural tendency not to adhere strongly to water, 
do fortunately have a strong natural tandenoy to adhere to 
oil~ And further. oil has an even stronger tendency to 
adhere to its gas film so that a sulphide partiole covered 
with an oil film has an already strong tendenoy not to adhere 
to water considerably increased. Quartz and gangue 
minerals, on the other hand have preferenue in directly 
the ,flPposite direction. They have a comparatively feeble 
adhesiveness to water, and this already strong adhesiveness 
for water is greatly increased by a slight acidulation 
ot·the water. There has been no satisfactory theory tet 
propounded as to W~7 aQt4 does promote the preferential 
adhesion to gangue partioles and probably also at the same 
time the preferential adhesion of oil to sulphides. 
It bas been established that there are: 
(1) Forces acting at the surfaoe of a liquid, the resultartt 
-
of which tends to prevent rupture of the surfac8. 
(2) Foroes acting at the surface of all substances, 
especially at the surfaoe of sulplide partioles. that 
oause films of gases resisting displaoement to adhere 
to their surfaoe. 
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(3) Foroes acting at tho surface of sulphides that 
cause these surfaoes to show preferential adhesion 
to oil. 
(4) Forces aating at the sur~ao.s of gangue minerals that 
cause these surfaces to show a preferential adhesion 
I) 
to water, and especially aoidified water. 
(Hoover's Flotation) 
With these :princtples in mind an investigation was 
made., the result of vlhich follows: 
Sinoe natural ocouring basic orea were not at hand 
various typos of ores were made up by mixing sulphides suoh 
as galena, chalcooite, and sphalerite with basia gangues as 
calcite and hem&tate. This of course, would not give an 
ore oorresponding in composition and texture to the natural 
ocourlng ores but it would furnish the main factor, viz., 
the basic eangue. 
At first experiments of a preliminary nature were 
made In order to determine with what oils the best results 
were obtained. 
In those experiments it was found that, when a 
calcite ore was agitated and sulphurio aoid was added, 
the oarbon dioxide liberated lifted the sulphides to the 
surfaoe. !ut, as soon as they reached the surface the 
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gas bubbles broke loose from them and they immedintely 
sank. The problem, i;hen was to find an ue-ent that would 
give sufficient froth or bubbles to hold these sulphides 
on the surface when they were once lifted by the air and 
carbon dioxide. With this end in view the following 
substanaes were tried: soap. oleic acid, heavy cylinder oil, 
crude petroleum, pine tar and va~ious other oils. 
Soap was found to give a froth but it also held up 
large quantities of gangue. The seleotive aotion of the 
aoid in lifting to sulphides seemed to be lost. 
oIls acted similar~ly and suve very little froth. 
The sarioue 
Finally the best results were obtained with pine tar and it 
was with this}that the remainder of,the work was done in 
order to determine the best conditions for separation and 
to see if these conditions were suitable for different orea. 
EXPERllvIENTS. 
Ore - Calcite 50 grus. 
Galena 10 gma. 
Thru 40 on 80 mesh 
water- 1000 co 
a 
Temp 60 - 70 C 
Time of agitation 2 - 3 minutes. 
4 
Test Skim Acid. Pine WY.Cono. wt.Pbl %Cono. fllRec: overy. 
No. tar. in Co~. 
- -
I 1 2cc 2 drops 16 gIllS. 5.2 R'DlS 32 ~ 
--
2 3 " 2 rr 4.8" 1.2 " 26 " -~,-
3 3 " 2 " 42 " .7 " 16 " tr 
Tttal 25.0 7.1 24.4 71 % 
II 1 4 " :3 " 1'1.5 5.3 " 36 " 
2 1: " 3 " 4.6 1.0 " 22 " 
3 4 " '7 " ,) 4.1 .8 " 19.6" 
Total 26.1 e.l 31 " 81 ~ 
III 1 6f' 3 " 11 " '1.1 64.5 
2 () 3 5 • 6 12 . 
3 (3 2 3 .2 6.2 
T( lta1 19 7.9 41.6 '19 % 
IV 1 8" 3 " 16. " 6.8 " 45." 
2 9 2 9 .9 10. 
f--
3 . ~uc.l.l 24 • 7.7 32.1 7'1 % 
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Using conditions in Test III ore thru 80 mesh 
was substituted for ore thru 40 on 80 meah with the 
following results. 
fSkim. Acid. Pine wt. Cone. wt.Pbs % Cono. Total % Ra-
tar. in Conc. j oovery. 
1 600 2dr. 12.3 gIllS. "1.6 ~ns. 62 % 
2 6 3 4.1 1.1 - 2'1 
3 5 
-
2 3.1 .6 19.3 
: 
Total 19.5 9.3 47 93 % 
It is to be noted in experiments of this nature 
that the oonditions seem to be just as important factors 
as the proportions in which the substance ar.e present. 
For example, after many tests, it \vas found out that if the 
agitation were continued for any length of time after the 
acid was added there would be little oonoentration for the 
continued agitation seemed to cause the sulphides to again 
settle. 
So in each of the above tests the water, ore and 
tar were agitated from two to three minutes before the 
acid was added and as soon as i) was added the agitation 
was immediately stopped. 
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In the above data tho only variable mentioned is 
the acid. Other, previous eXIJeriments Vlore made by vary-
ing the thickness of the pulp, temp of the waJlior, and the 
amount of pine tar added with the results used in lbe above 
tests. 
Water at a temperature of a'bout 60 - 70 °0 was 
~ound to give better results than cold water or water 
near boiling. 
sufficient. 
Two to four lrops of tar were found to be 
Any more than this was found to be of little 
value and in some cases detrimental, and oaused trouble in 
the assay of the oonoentrates. 
On the first skimming there was a good separation 
of the gangue from the froth. This, however, ~ns not 
true on the second and third skimmings, as there was a 
tendenoy for the gangue to stay in suspension thereby 
making a good skimming almost impossible. This accounts 
for the second and third skimmings in each test running 
low in oonoentrates. This was partially overcome by 
giving the gangue time to settle and by. adding fresh 
amounts of calcite eaoh time. A more perfeot skimming 
devise might also over,oome this. 
It was found neoesaary to add fresh amounts of 
tar before eaah agitation or elae there would be in-
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sufficient froth to hold the concentrates on top. 
Sulphurio. acid was found to be better than 
hydroohloric. 
It was also found that it was better to dilute 
the acid before adding than to add the concentrated aoid. 
Several experiments, the data on one, which is given 
above, established the fact that better results CQuld be 
obtained with are thru 80 mesh than with that thru 40 
mesh. As a rule it was always the heavier partioles 
that first broke loose from the froth and sank. 
Teats similar to the above were tried with pyrite 
and ohaloocite. Although the concentrates were not 
assayed the results, from appearances, oorresponded 
010se1y to the above results with galena. 
Thirty-seven grams of ooncentrates, running 
31.27 were agitated with more pure tar and water. 
It was neoessar7 to add some fresh caloite in order to 
furnish the neoessary C62 as moat of the oalcite had 
bean clUlnged over to oalsium Bulphate. 
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Skim. Ao1d. Pine wt.Cone. Wt.Pba ~0 Cone. % Recovery. 
tar. in Cone. 
1 6cc 3 dI. 14.0 8.3 gm. !59.37 
2 6 r~ 1.3 1.'1 55.1 .Q 
3 5 2 2.1 .6 28.6 
Total 19.4 10).6 54.61 92.1% 
-- -----------------
Testa using galena with hematite and hematite 
mixed with caloite. 
Bre- thru 80 mesh - 10 gms. ga1ena- 50 gms. gangue 
Acld- 6 - 7cc 
water - 100000 
9 
!:ar- 2 - 3 drops 
o 
Temp 60 - 70 C 
. 
S a ngu e 
Test Skim Parts Part~) Nt.Cone Wt.Pbs -'::1 Cone. ~J Hecovory. 
TIo. No. HematltQ.Calcite in Conc. 
I 
I 1 5 0 
II 1 4 1 10.3 2.5 24.2 G 
"W' 
2 1: 1 8.5 1.7 20.0 
rOota] 18.8 4. :-2 ~~2 .3 42 % 
I 
III 1 3 2 14.1 3.0 2'7.1 
2 3 2 6.2 1.9 30.6 
-. 
-
Tota~ 20.3 5.7 28.8 5'1 % 
.... _ .. -
IV I--~--.. 1 2 3 13.6 '-1.1 30.1 
2 2 3 '"1,5 2.1 28.0 
Total 21.1 6.2 29.4 62 % 
V 1 1 4 17.4 8.2 48.2 
2 1 4 4.2 .4 9.5 
-. 
Total 21.6 8.6 39.8 sa ~ 
There 'WaS no concentration and very little froth 
when no calcite was added. 
The percent of concentration seemed to be pro-
portioned to the calcite added. 
10 
, 
Test using sphalerite with hematite and hematite 
mixed with ca.lcite. 
are - thru 80 mesh - 10 gma. Sphalerite - 50 gms.Gangue 
Acid - 7 - 8 co Tar 2 - 3 drops 
Water 100000 - Temp 60 - 70 °0 
--
G a n ~ u e 
TlatlSkim Parte Parts wt. Can(~ wt.Zns % Cone. f-' Reoovery No. Na. Hematllte.Calolte in Cone. 
I 1 3 0 
II 1 2 1 13 [!'Ins ;5.3 26.4 1'0 
2 2 1 8 2.4 30.0 
Tot~~l 21 5.7 27.1 5'7 % 
I 
1 
III 1 1 2 i6 5.6 35 10. 
-. 2 1 2 8.5 2.9 34.1 
24.5 8.5 34.7 86 C;b 
CONCLUSIo.N. 
It must be borne in mind that the experiments were 
on 8 emaIl Bcale and the apparatus used was not the best 




that the concentration of certain basic ores by flotation 
schemes is not iIDl")oBsib1e. 
It \'VaS also found that: 
(1) Calcite was neoessary to give off carbon dioxide. 
(2) A frothing agent was neoessary to hold this carbon 
dioxide. 
(3) Pine tar was a good frothing agent. 
(4 ) WIth a calcl te - hematIte gangue the percentD.{~c 
concentration was almost direotly proportionart to the 
peroentage calcite in the ganga •• 
(6) That the sulphides, pyrite, galena, .halcocite 
and sphalerite acted slmilaril7. 
-/~-
